In the research, the influence of optimised combined cycle gas turbine unit -according to the previously developed EM & OM approach with its use in the intraday market -is evaluated on the generation portfolio. It consists of the two combined cycle gas turbine units. The introduced evaluation algorithm saves the power and heat balance before and after the performance of EM & OM approach by making changes in the generation profile of units. The aim of this algorithm is profit maximisation of the generation portfolio. The evaluation algorithm is implemented in multi-paradigm numerical computing environment MATLab on the example of Riga CHP-2. The results show that the use of EM & OM approach in the intraday market can be profitable or unprofitable. It depends on the initial state of generation units in the intraday market and on the content of the generation portfolio.
INTRODUCTION
Nowadays problems of conventional generation are discovered in many literature sources [1] , [2] , [3] , [4] , [5] , i.e., the shifting from the base load operation to the cycling operation. Combined cycle gas turbine (CCGT) technology is partly adapted to new running conditions [6] , [7] . There are a lot of measures [8] to increase the flexibility of power plants from expensive [9] , [10] to cost-neutral, for example, by applying the EM & OM (evaluation model & optimisation model) approach developed and presented by the authors in [11] to optimise the cycling operation of CCGT power plants.
In brief, the EM & OM approach consists of the two models, i.e., EM and OM. The first processes the production data of power plant and consequently determines the cycling characteristics of power plant and inputs for OM. The second ensures the extension of cycling operation range by shifting shutdown "forward" and start-up "backward" and, hence, the added electricity is produced, the numbers of cycling periods are reduced and start-ups are replaced with less adverse ones. In [11] , the authors proposed that the EM & OM approach could be used in different Nord Pool physical markets: day-ahead, intraday or real time/balance market, but its performance changes depending on the type of physical market (Table 1) . The integration of approach in power plant optimisation models to prepare the bids for submission in the market. The accuracy of optimisation models is increased and the planning of conventional generation operation becomes more precise and profitable because the features of start-ups and proposed principles of cycling operation improvement are taken into consideration.
The observation of cycling operation features and the proposed principles of its improvement provide more profitable operation of conventional generation, when bids are approved
The consideration of start-up features and the proposed principles of cycling operation improvement ensure the possibility to evaluate the production of additional energy in areas with power deficit.
The necessity of added calculations
The forecast of input data (ambient temperature, heat load, electricity price, etc.)
Investigating the impact on other generation units (portfolio)
In [11] , the developed EM & OM approach was verified on the example of CCGT-2/1 of Riga CHP-2 (the detailed information about this power plant is available in [11] , [12] ) on the principles of Nord Pool intraday physical market. It is when the results of unit commitment (UC) and electricity price are known, i.e., the dashed box in Fig. 1 . Y '1 denotes the first cogeneration unit and Y '2 -the second cogeneration unit of generation portfolio Y', which is Riga CHP-2. According to Table 1 , if the EM & OM approach is used in the intraday market, then the added calculations are needed, which are presented in this paper. The influence of the optimised generation unit should be investigated on other generation units or portfolio.
In [11] , the impact of optimised CCGT-2/1 cogeneration unit on the generation portfolio, i.e., Riga CHP-2, was omitted. That is why in this article the authors assess this impact by introducing the evaluation algorithm, which consists of the CCGT-2/2 optimisation according to the EM & OM approach and changes of cogeneration units' (CCGT-2/1 and CCGT-2/2) generation portfolio in multi-paradigm numerical computing environment MATLab.
The remaining part of this paper is organised as follows: in Section 2 the assessment algorithm is presented; in Section 3 the results of assessment are provided; in Section 4 the main conclusions are made.
THE EVALUATION ALGORITHM
The evaluation algorithm is created for thermal power plants, which consist of the two CCGT units (Fig. 2) . Initially, the operation of CCGT-2/1 unit is optimised in line with the EM & OM approach. Additionally, the produced power and heat energy by the first cogeneration unit are compensated by CCGT-2/2 unit, i.e., the changes in CCGT-2/2 generation profile are observed. Then the "changed" generation profile of CCGT-2/2 unit is optimised by the EM & OM approach making changes in CCGT-2/1 optimised profile. As both units are identical, the obtained characteristics of CCGT-2/1 in [11] are used to provide the calculation with CCGT-2/2.
The optimisation of CCGT-2/2 unit in line with the EM & OM approach is provided and/or changes in the generation portfolio of CCGT-2/1 are implemented, if it is possible to ensure them. For example, the second unit is operated in parallel with the first unit, the load of cogeneration units is enough to make changes in the generation portfolio, it is possible to save the power and heat balance, etc.
The objective function of the evaluation algorithm is profit (П) maximisation of Riga CHP-2:
Electrical power balance. P 1 is the sum of CCGT-2/1 and CCGT-2/2 electrical power in line with the production data. P 2 is the sum of CCGT-2/1 and CCGT-2/2 electrical power in the changed and optimised states, respectively.
Heat power balance. Q 1 is the sum of CCGT-2/1 and CCGT-2/2 heat power according to the production data. Q 2 is the sum of CCGT-2/1 and CCGT-2/2 heat power in the changed and optimised states, respectively. where The profit of cogeneration units is calculated taking into account the marginal costs of cogeneration units, which hold on two components: natural gas and carbon dioxide. Figure 3 presents the example of evaluation algorithm performance results. In line with the EM&OM approach, the start-up of CCGT-2/1 was shifting to 15 hours backward. The start-up time was at 0.00 instead of 15.00. Due to high electricity price, in this period (from 0.00 to 15.00) the electrical power of CCGT-2/1 was higher by 50 MW then after 15.00. To save the power and heat balance of Riga CHP-2, the power of the CCGT-2/2 was reduced until the technical minimum, i.e., 149 MW. In line with the evaluation algorithm (Fig. 2) after the optimisation of CCGT-2/1 and changes of CCGT-2/2 generation profile, the optimisation of CCGT-2/2 and changes in the optimised CCGT-2/1 profile should be performed. According to the reflected situation in Fig. 3 , they were not done because there were not any possibilities.
RESULTS OF EVALUATION ALGORITHM
In [11] , the EM & OM approach was performed simultaneously for start-ups and shutdowns. In the present research, this approach is divided into the three scenarios:
• In case of Scenario No. 1, the additional profit is obtained due to the reduction of time spent in warm state preservation. This has resulted in more efficient startup. In their turn, Scenarios No. 2 and No. 3 provide a negative profit because the optimisation of CCGT-2/1 has led to the CCGT-2/2 power reduction to the technical minimum. The specific natural gas consumption of the second cogeneration unit has increased. As a result, the efficiency of CCGT-2/2 has decreased.
DISCUSSION
In the present research, the authors have evaluated the impact of the optimised CCGT unit running condition in line with the EM & OM approach in intraday market on the generation portfolio. For this reason, the evaluation algorithm has been introduced with the optimisation task: profit maximisation of the generation portfolio. The EM & OM approach has been implemented according to the evaluation algorithm by saving the power and heat balance of the generation portfolio, i.e., making changes in the generation profile of units.
The evaluation algorithm has been implemented on the example of Riga CHP-2. In line with the obtained results, it can be concluded that the use of the EM & OM approach in the intraday market can be both efficient and inefficient, i.e., with additional profit or losses, respectively. The authors consider that the positive result (additionally gained profit) of the EM & OM approach use in the intraday market can be achieved by extending the generation portfolio and adding a different generation unit, for example, natural gas and hydropower units.
